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Karyotypes of five species and three cultivars of Zantedeschia were studied. Karyotypes were distinct between the 
evergreen species Z. aethiopica (section I) and all winter-dormant species (section II) studied. The karyotypes 
were not distinct among species within section II. Z. aethiopica has mostly subtelocentric chromosomes whereas 
species in section II have only metacentric or submetacentric chromosomes. The karyotype of the summer-
dormant species, Z. odorata, falls between Z. aethiopica and section II, but is more closely related to Z. aethiopica 
based on karyotype asymmetry. 
Kariotipes van vyf spesies en drie kultivars van Zantedeschia is bestudeer. Die kariotipes van die immergroen 
spesie, Z. aethiopica (seksie I), het verskil van die van aile winter-rustende spesies (seksie II) wat ondersoek is. 
Daar was geen verskille tussen die kariotipes van spesies in seksie II nie. Z. aethiopica het hoofsaaklik subtelo-
sentriese chromosome terwyl spesies in seksie II slegs metasentriese of submetasentriese chromosome het. Die 
kariotipe van die somer-rustende spesie, Z. odorata, val tussen Z. aethiopica en seksie II, maar is op grond van 
kariotipe-asimmetrie nader verwant aan Z. aethiopica. 
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Introduction 
Letty (1973) re-classified the genus Zantedeschia Spreng into 
six species and assigned them to two distinct sections. Section 
I contains the type species alone, Z. aethiopica (L.) Spreng, in 
which the plants are evergreen and the female flowers in the 
lower part of the spadix are interspersed with staminodes. The 
fruit tum orange in colour, become soft and later mucilaginous 
at maturity. Section II contains the remaining five species, in 
which the plants are dormant during the winter. Although Letty 
stated that there were no staminodes among the female flowers, 
a few staminodes are in fact often interspersed with female 
flowers in the upper female zone. The fruit remain firm and 
green until they finally wither and rupture or decompose on the 
ground. Perry (1989) described a new species, Z. odorata L.P. 
Perry, which appears to fall in between the two sections, 
having some characters of each section. Z. odorata corresponds 
to Z. aethiopica in that the female flowers in the lower part of 
the spadix are interspersed with staminodes, but is similar to 
section II species in that the fruit remain firm and green until 
they finally wither on the ground. Z. odorata is dormant during 
summer. A particular feature of this new species is that it inva-
riably produces a delicate freesia-like scent. 
Interspecific hybridization within section II has led to a large 
number of hybrid cultivars (Amos 1983). However, there are a 
number of barriers to hybridization between Z. aethiopica and 
species of section II (Chi 1990; Yao 1992). As part of a 
programme to develop new hybrids, we have used karyotype 
analysis to study the relationships between the species. 
Previous cytogenetic studies (Mookerjea 1955; Earl 1957; 
Sengupta & Chettri 1989) of Zantedeschia have mainly shown 
chromosome numbers with little data on karyotype, presumab-
ly because of the relatively small size of the chromosomes. 
Chromosomes of the new species, Z. odorata, have not 
previously been described. The present study describes the 
karyotypes of five species and two hybrid cultivars in the 
genus. The implications of the karyotype data are discussed in 
relation to species relationships. 
Material and Methods 
Rapidly growing root-tips were obtained by planting rhizomes or 
tubers in potting mix in a greenhouse. Root-tips were pretreated in 
a saturated solution of para-dichlorobenzene for 4 h, fixed in 
methanol: glacial acetic acid (3:1) overnight and stored in 70% 
ethanol. Chromosomes were initially stained with Feulgen, but 
improved staining was subsequently achieved with Giemsa. Fixed 
root-tips were hydrolysed in IN HCI at 60°C for 10 min and 
stained with Feulgcn stain for 60 min. Stained root-tips were 
washed in distilled water three times. Root meristems were 
dissected out, macerated on microscope slides in 2% acetocari-
nine, and squashed under coverslips in the usual manner after 
heating each slide on a hot block for approximately 1 min at 
80°C. Coverslips were removed after slides had been chilled in 
liquid air. Alternatively, fixed root-tips were macerated on 
microscope slides in 45% acetic acid, squashed under coverslips in 
the usual manner after heating each slide for about 1 min at 80°C. 
After the coverslips had been removed by chilling in liquid air, the 
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slides were air-dried overnight. The slides were stained in 5% 
Giemsa in phosphate buffer (pH 6.8) for 2 h and then rinsed in 
distilled water. Chromosomes were observed and photographed 
using a Zeiss Photomicroscope Ill. 
Photographs of selected cells were used to take measurements 
of the length of the short arm (s) and long arm (I) of each chromo-
some. The arm ratio (r = lis) was then calculated. Chromosomes 
were classified on the basis of arm ratio using the standard 
nomenclature of Levan et aI. (1964): m, metacentric (r = 1.05 -
1.69); sm, submetacentric (r = 1.70 - 3.00); st, subtelocentric (r = 
3.01 - 7.00); and t, telocentric (r = 7.01 - 39.00). 
Karyotypes were classified using the scheme proposed by Steb-
bins (1971). This scheme describes 12 types of karyotype 
according to the degree of asymmetry. Karyotype asymmetry is 
determined by the centromeric locations and uniformity of the 
chromosome sizes. Asymmetry increases from type 1 to type 4 
according to the proportion of chromosomes with an arm ratio 
higher than 2.0. Asymmetry increases from type A to type C 
according to the size ratio between the largest and smallest 
chromosomes. 
Karyotype asymmetry was also estimated using intrachromo-
somal index (AI) and interchromosomal index (A2 ) (Zarco 1986): 
n b. 
1- (L -.!...)/n 
i=1 Bj 
where n is the number of homologous pairs, b j is the average 
length for short arms in every homologous chromosome pair and 
Bj is the average length for long arms in every homologous 
chromosome pair. Homologous chromosomes could not be identi-
fied for a number of chromosomes in this study. Therefore we 
used the number of chromosomes (n), the short-arm length (b j) 
and the long-arm length (Bj ) for every chromosome. 
where s is the standard deviation and X is the mean chromosome 
length for each sample. Al estimates a mean centromere position 
and A2 estimates variation in chromosome length. 
Results and Discussion 
There were 32 chromosomes in the five species and three culti-
vars of Zantedeschia investigated in this study (Table 1). In 
previous studies, 32 chromosomes have usually been recorded 
for the genus. However, 28, 30 and 32 chromosomes have 
Table 1 Chromosome numbers in Zantedeschia 
Section Taxa Description 
Z. aethiopica (L.) Spreng Evergreen, Letty 1973 
5 
been reported in Z. elliottiana (Mookerjea 1955; Earl 1957; 
Sengupta & Chettri 1989). Chromosome size was small, 1 - 3 
f.Lm long (Figure 1). The karyotype formula was determined by 
comparison of five or ten karyograms for each species or culti-
var (Table 2). 
In Z. aethiopica 'Childsiana' (Figure la), a pair of telo-
centric chromosomes were distinct from all other chromo-
somes. The two pairs of meta centric chromosomes were distin-
guishable from other chromosome groups and were usually 
distinguishable from each other. Similarly, the two pairs of 
submetacentric chromosomes were readily distinguishable 
from the other groups on the basis of centromere position. The 
11 pairs of subtelocentric chromosomes were a distinctive 
group but they were not all distinguishable within the group. 
They showed a gradient of decreasing length. The karyotype of 
Z. aethiopica (data not shown) was essentially the same as that 
of Z. aethiopica 'Childsiana'. In a previous report (Earl 1957), 
no sub telocentric or telocentric chromosomes were identified 
in Z. aethiopica. Earl studied Z. aethiopica and several species 
and hybrids in section II (see Table 1). In a publication con-
taining only drawings but no photographs, she reported that the 
centromeres appeared to be in a 'median to submedian loca-
tion' in all these species. Our data showed more details on 
chromosome karyotype. 
A pair of telocentric chromosomes and a pair of the smaller 
metacentric chromosomes were distinct in Z. odorata (Figure 
Ib). This telocentric pair appeared to be the same as that in Z. 
aethiopica 'Childsiana' on the basis of size. The remaining 14 
pairs of chromosomes were not identified, which were dis-
tributed into metacentric (3 pairs), submetacentric (5 pairs) and 
sub telocentric (6 pairs) groups. 
There were only metacentric and submetacentric chromo-
somes in section II species and cultivars: Z. elliottiana, Z. 
pent/andii, Z. rehmannii, Z. 'Majestic Red' and Z. 'Chroma-
tella'. No homologous chromosome pairs could be identified in 
these species or cultivars. In the metacentric group, some 
chromosomes had an arm ratio close to 1, like those metacen-
tric chromosomes in Z. aethiopica 'Childsiana' and Z. odorata. 
However, other chromosomes had arm ratios close to 1.7. 
Therefore, two subgroups were formed in their karyograms 
(Figure lc-g). 
The distinctive feature of Z. aethiopica 'Childsiana' karyo-
type was the small number of metacentric chromosomes. Z. 
odorata had more metacentric chromosomes than Z. aethiopica 
'Childsiana' but had less metacentric chromosomes than plants 
in section II. Z. odorata had a ratio between the largest and 
2n Author 
32 Yao et al.'; Earl 1957; MookeIjea 
1955 
Z. aethiopica 'Childsiana' 
Z. odorata P.L. Perry 
Evergreen, floriferous dwarf fonn, Bailey & Bailey 1976 
Summer dormant, Perry 1989 
32 
32 
Yao et al.' 
Yao et al: 
II Z. elliottiana (Watson) Eng!. Winter dormant, Letty 1973 
Z. pentlandii (Watson) Whittm. Winter dormant, Letty 1973 
Z. rehmannii Eng!. Winter dormant, Letty 1973 
Z. albomaculata (Hook.) Bail!. Winter dormant 
Z. 'Chromatella' Winter dormant hybrid related to Z. albomaculata 
Z. 'Majestic Red' Winter dormant hybrid, parentage unknown 
, The present study. 
b The plant designated Richardia elliouwna cv Golden Calla by authors. 
< The plant designated Richardia Golden Calla. 
d Taxa designated Z. albomaculata, Z. angusliloba and Z. melanoleuca by author. 
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Figure 1 Karyograrns of Z. aethiopica 'Childsiana' (a), z. odorata (b), Z. elliottiana (c), Z. pentlandii (d), Z. rehmannii (e), 
Z. 'Chromatella' (t) and Z. 'Majestic Red' (g) . Chromosomes are arranged into groups according to their arm ratio. Scale bar: 5 j.l.m. 
Table 2 Ratio between the largest and smallest chromosomes, karyotype type and karyotype formula of 
Zantedeschiaa 
Species or cultivar Largest/smallest chromosome (mean ± SE) Karyotype type Karyotype formula b 
Z. aethiopica 'Childsiana' 1.77 ± 0.12 3A 2n = 32 = 4m + 4sm + 12st + 2t 
Z. odorata 2.32 ± 0.25 3B 2n = 32 = 8m + 10sm + 12st + 2t 
Z. elliottiana 1.58 ± 0.12 2A 2n = 32 = 22m + lOsm 
Z. pentlandii 1.98 ± 0.04 2A 2n = 32 = 20m + 12sm 
Z. rehmannii 1.86 ± 0.08 2A 2n = 32 = 20m + 12sm 
Z. 'Majestic Red' 1.76 ± 0.05 2A 2n = 32 = 18m + 14sm 
Z. 'Chromatella' 1.91 ± 0.07 2A 2n = 32 = 22m +10sm 
• Data were collected from ten cells each of Z. aethiopica 'Childsiana', Z. odorata and Z. elliottiana, and five cells each of the 
remaining plant material. 
b m, metacentric; sm, submetacentric; st, subtelocentric; t, telocentric. 
smallest chromosomes of 2.32 compared with a ratio less than 
2 in all other species and cultivars in the genus (Table 2). 
Within section II, karyotypes were similar to one another, but 
were distinctly different from those of Z. aethiopica 
'Childsiana' and Z. odorata. The numbers of metacentric 
chromosome pairs (9 - II) and submetacentric chromosome 
pairs (5 - 7) were very close in different species (Table 2). 
This slight variation may be accounted for by the misplace-
ment of one metacentric or submetacentric pair. Karyotypes in 
section II could not be easily distinguished from each other. 
Analysis of karyotype asymmetry has been used to study 
phylogenetic relationships in higher plants (Stebbins 1971). 
Using Stebbins's system of karyotype asymmetry analysis, the 
karyotype of Z. odorata (3B) has the greatest asymmetry, 
followed by Z. aethiopica (3A) and then the species of section 
II (2A). Zarco's system (1986), using the indexes Al and Az, is 
more suitable for studying a group of closely related taxa. The 
Al and A2 values for Zantedeschia taxa were plotted in Figure 
2. The values of Al and A2 in section II were very close from 
one taxon to another but were distinctly different from those of 
Z. aethiopica 'Childsiana' and Z. odorata. Z. odorata had a 
distinctly larger A2 value than other taxa, which reflects that Z. 
odorata had the largest variation of chromosome size in the 
genus. Z. aethiopica 'Childsiana' had the largest Al value 
which corresponds to the smallest number of metacentric 
chromosomes. The Al value of Z. odorata is between those of 
section II species and Z. aethiopica but was closer to Z. aethi-
opica. These Al and A2 values clearly demonstrated that 
species in section II are closely related to each other but are 
clearly separated from the other two species in the genus. Z. 
odorata falls in between section II and Z. aethiopica but is 
more closely related Z. aethiopica. 
Patterns of interspecific cross-compatibility have been found 
to correlate closely with the karyotype classifications in 
Melilotus (Sano et al. 1991). Interspecific hybridization has 
readily occurred within section II (Traub 1949; New & Paris 
1967; Chi 1990). Incompatibility between species of section II 
and Z. aethiopica is expressed by embryo and endosperm 
abortion and albinism in rescued hybrids (Chi 1990; Yao 
1992). Hybridization between Z. odorata and Z. aethiopica 
produced viable seeds but seedlings were virescent. In the 
hybridization with section II, Z. odorata had improved devel-
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Figure 2 Intrachromosomal index (AI) plotted against interchromosomal index (A2)' Data show the mean of ten cells each of Z. aethi-
opica 'Childsiana', Z. odorata and Z. elliottiana, and five cells each of the remaining plant material. The bars indicate the standard errors. 
opment of embryo and endosperm but hybrid albinism persist-
ed (Yao 1992). These incompatibility patterns also appear to 
correlate closely with the karyotype classifications determined 
in the present study. 
The previous cytogenetic study (Earl 1957) of Zantedeschia 
did not reveal any differences in karyotype between species 
and suggested that speciation in Zantedeschia has proceeded 
mainly by gene mutation. The current study results agree with 
this suggestion within section II only, since we found signifi-
cant karyotype changes from Z. aethiopica to Z. odorata, to the 
species in section II. We suggest that chromosome alterations, 
such as pericentric inversions and unequal translocations which 
change centromere position, may have played an important role 
in the speciation of the genus Zantedeschia. 
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